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Abstract: Magnesium is one of the lightest engineering materials with a density of 1.74g/cm³. The need of 
lightweight materials for fuel saving in automotive industry has led to development of magnesium alloy. 
In this work AZ91 Mg alloy was used as a base metal and reinforced with Nano Zirconia and fabricated 
by stir casting process. The result shows a refined matrix structure of the composite compared to matrix 
alloy. Main aim of this study was to investigate the mechanical properties by varying weight percentage. 
Mechanical properties of AZ91 alloy and AZ91 Nano zirconia composites have been evaluated and the 
results were compared with the increased percentage of Nano Zirconia. Microstructural feature, such as 
Nano zirconia particle distribution was characterized by scanning emission microscopy (SEM) and 
energy dispersion X-Ray analysis (EDX). 
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I. INTRODUCTION 
Magnesium is a lightest structural metal. 
Magnesium alloys are 33 % lighter than aluminium 
and 61% lighter than titanium and 77% lighter than 
stainless steel. Magnesium based materials have 
more demand in automotive industries and 
aerospace industries as they save fuel by using light 
weight material. Magnesium is the sixth most 
abundant element in the earth`s crust. However, 
due to their rapid loss of strength at temperatures 
above room temperature and their poor creep 
resistance at high temperatures, magnesium alloys 
are rarely used above 200 ◦C. This growing 
requirement of high specific mechanical properties 
with weight savings has fueled significant research 
activities in recent times targeted primarily for 
further development of magnesium-based 
composite materials. The key to the fabrication of 
magnesium matrix Nano composites lies in the 
effective dispersion of nanoparticles in the matrix. 
II. METHODOLOGY 
In stir casting technique, stainless steel rod and cast 
iron mold were preheated to 175ºc for 30 minutes 
to eliminate moisture and gases from the surface 
area of the particles and parts before casting. The 
necessary quantity of AZ91 Mg ingot is weighed 
and put into the mild steel crucible and heated to 
750ºc in the induction furnace. Manual stirring was 
done continuously with the help of steel stir (rod). 
Nano Zirconia powder was weighed as per the 
weight percentage. Then Nano zirconia powder 
was added according to the percentage in the 
molten slurry of AZ91 Mg and stirring was carried 
out for about 15 to 20 minutes. After stirring the 
molten slurry was poured into the preheated die of 
20 diameters and 170mm length to get the desired 
shape of the samples as shown in figure. Same 
procedure was carried out for preparing different 
composition of Nano zirconia. 
 
Fig1. Flow chart showing steps involved a 
fabrication of AZ91Mg-Zr composite. 
III. RESULT AND DISCUSSIONS 
Microstructural characterization: 
Microstructural studies conducted on the Nano 
composites specimens did not show fairly uniform 
reinforcement distribution fig.6, 7, 8 this may be 
attributed to agglomeration of reinforcement during 
melting stirring arrangements incorporated with the 
setup. 
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SEM of different samples were taken at different 
magnification and clearly show the significant 
grain refinement with increasing weight percentage 
of nano-ZrO2 (figure 6,7,8 ) and presence of 
minimal porosity. EDX analysis of different 
samples shows the presence of Nano zirconia in the 
matrix (figure 9, 10, 11). 
Tensile characteristics: 
Results of ambient temperature tensile tests 
revealed significant improvement in ultimate 
tensile strength values of 0.5%Zr, 1%Zr & 1.5%Zr 
samples as reported in table1. 
It was also concluded that there was no further 
significant improvement in ultimate tensile strength 
values with samples containing more than 1.5%Zr. 
It was also observed and concluded referring to 
table 1 that the ductility (%elongation) will be 
adversely affected by increasing the amount of 
Nano Zirconia in samples up to 1%Zr. Above 
1.5%Zr samples the ductility values drastically 
improved. 
Impact Strength 
Impact strength of the specimens containing Nano 
Zirconia particulates drastically decreased with 
increase in weight fraction of reinforcement as 
shown in table2. 
Material Ultimate 
load 
(KN) 
Ultimate 
tensile 
strength 
Elongation(%) 
AZ91 
Mg 
3.240 104.922 2.7 
AZ91 
Mg and 
0.5% Zr 
10.320 157.629 2.360 
AZ91 
Mg and 
1.0% Zr 
10.340 155.209 2.360 
AZ91 
Mg and 
1.5% Zr 
10.20 160.346 4.090 
Table 1. Tensile strength values. 
Material Identification Average force (Joules) 
AZ91 Mg 4.67 
AZ91 Mg and 0.5% Zr 2 
AZ91 Mg and 1.0% Zr 2  
AZ91 Mg and 1.5% Zr 2 
Table 2. Impact strength values 
 
Fig.2 AZ91 
 
Fig 3. AZ91 and 0.5% ZrO2 
 
Fig 4. AZ91 and 1%ZrO2 
 
Fig 5. AZ91and 1.5% ZrO2 
SEM 
 
Fig 6. AZ91 (58 X and 250 X magnification) 
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Fig 7. AZ91 and 0.5% ZrO2 (51X and 250K 
magnification) 
 
Fig 8. AZ91 and 1.5% ZrO2 ( 54X and 250X 
magnification) 
EDX 
 
Fig.9 AZ91 
 
Fig 10. AZ91 and 0.5%ZrO2 
 
fig 11. AZ91 and 1.5%ZrO2 
IV. CONCLUSION 
The main conclusions that can be drawn from this 
study are as follows: 
1. Stir casting method cannot be effectively 
used to synthesis Nano-ZrO2 particulates 
containing magnesium composites. The 
other techniques like disintegrated melt 
deposition technique coupled with hot 
extrusion can be used et al(1) and PM 
route et al(2) can be effectively used. 
2. Microstructural characterization shows 
significant grain refinement, non-uniform 
distribution of reinforcement particulates. 
3. The results of mechanical characterization 
revealed the presence of Nano ZrO2 
particulates in magnesium matrix lead to 
significant improvement in UTS value but 
adversely affect ductility. 
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